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study to date, having examined more build-
ings than anyprevious study.
David Straus and colleagues at Texas
Tech University Health Sciences Center in
Lubbock conducted a 22-month in-depth
study of48 schools that had reported con-
cerns about health and indoor air quality
to the indoor air quality company with
which the university researchers are affiliat-
ed. The schools are located along the Gulf
ofMexico and theAtlantic seaboard ofthe
United States.
The researchers disseminated a ques-
tionnaire to the staff ofthe schools asking
about health complaints, timing patterns of
symptoms, and particular areas of the
schools in which staffmembers experienced
symptoms. About 30% ofall staff reported
symptoms or complaints, most commonly
nasal drainage, congestion, and itchy,
watery eyes. Mostofthestaffsaid theyexpe-
rienced these symptoms only while in the
building. More than half of those who
reported symptoms also noted increased
incidences of respiratory infections such as
tonsillitis, bronchitis, and, in some cases,
pneumonia.
The researchers also measured humidi-
ty, particulate matter, carbon dioxide, and
chemicals such as formaldehyde, nitrogen
dioxide, hydrogen sulfide, sulfur dioxide,
and carbon monoxide, both indoors and in
the outdoor areas surrounding the schools.
They examined the schools' heating, venti-
lation, and air conditioning (HVAC) sys-
tems, and took swab samples and air sam-
ples at sites that had been wetted and
showed moldgrowth.
In some of the schools, Straus's team
discovered that the major factor that corre-
lated with the health complaints was
increased indoor levels of Penicillium and
Stachybotrys. Straus says that, ideally, the
amount of fungi inside a building should
be much lower than that outside. In many
of the schools, the levels of the two fungi
were much higher inside than outside.
These schools were found to conduct very
little HVAC maintenance and many had
active water leaks, creating the damp con-
ditions in which fungi thrive.
Twenty schools showed significant
increases in the amounts of Penicillium
species in indoor air samples ofcomplaint
areas. The mean indoor relative humidity in
these areas was higher than in noncomplaint
areas and higher than outdoor relative
humidity. At 1 1 schools, the researchers
found heavy growth of Stachybotrys molds
on swabs taken from under damp carpets
and vinyl wall coverings and on walls. This
organism produces a mycotoxin that has
been shown to affect the central nervous sys-
tem and cause damage throughout the body.
In the remaining schools, Straus found
that the fungal ratios ofindoor and outdoor
air samples were not significantly different.
However, swab samples in many of these
schools detected heavy growth of the
Penicillium species as well as another type of
fungi, Cladosporium. According to the
report, these findings indicate possible fun-
gal growth inside the schools and apotential
indoor airqualityproblem.
Once remedial action was completed in
theschools, the number ofhealth complaints
decreased. Remedial action involved replac-
ing building materials that showed physical
deterioration, cleaning surfaces showing
microbial contamination and treating them
with an approved disinfectant,
and deaning the HVAC sys-
tems in accordance with
National Air Duct Cleaners
Association standards. The
researchers followed up with
air and swab samples within
60 days of the cleaning and
again six months later. They
found that fungal ratios had
returned to acceptable, normal
levels, and that the percentage
ofstaff complaining ofsymp-
toms had dropped from 30%
toless than 3%.
To prevent fungal conta-
mination, Straus s-ays, the
solution is very simple: "Get
water out ofthe building and
properly maintain the HVAC system." He
says that building maintenance is also
important because problems such as roof
leaks and broken pipes also increase humidi-
ty, allowing fungi to thrive.
Straus says the team did not dissemi-
nate the surveys to students due to the
difficulty of administering them to chil-
dren and the unreliability of children's
responses. He says, however,
"We believe that children are
affected even more [by the
fungi] because they are still
growing." While research on
the effects of fungi on chil-
dren's health is sparse, a t
1993 case in which experts
believed that a strain of
Stachybotrys caused adverse
health effects in many infants spurred
public interest. Several babies in the
Cleveland, Ohio, area who were found to
have been exposed to the fungus devel-
oped pulmonary hemosiderosis. This dis-
ease is marked by bleeding ofthe lungs-
which can lead to coughing up blood,
nose bleeds, chronic cough and conges-
tion, and anemia-and caused the death
ofmany ofthe infants.
BCTP Sounds Its BattleCry
A newly developed antimicrobial agent
known as BCTP mayofferscientists apower-
ful weapon against a range ofviruses, spores,
and bacteria, induding the culprits behind
two of the deadliest diseases known to
humans-anthrax and influenza. BCTP has
been shown to kill up to 90% of anthrax
spores inmiceand99.6% ofinfluenzaAvirus
in in vitrotests. Thesefindingswerepresented
at the 38th Interscience Conference on
Antimicrobial Agents and Chemotherapy,
held 24-27 September 1998 in San Diego,
California.
Anthrax is caused by the bacterium
Bacillus anthracis. It is generally a disease of
four-legged animals, but can
spread to humans in three
ways. Cutaneous infection
occurs through handling the
hides and wool of infected
animals, and is characterized
byskin ulcers and swelling of
the lymph glands. This form
can be fatal if not treated
with antibiotics. Respiratory
infection is caused by inhal-
ing B. anthracisspores, which
causes severe respiratory dis-
tress and shock and almost
always results in death.
Gastrointestinal infection
occurs through eating the
undercooked meat of infect-
ed animals. This form causes
severe inflammation of the gastrointestinal
tract, nausea, vomiting ofblood, and diar-
rhea, and results in death in 25-60% of
cases. While anthrax infection usually
occurs in agricultural regions, the spores are
also part ofthe biological weaponryarsenals
ofafew nations.
InfluenzaAis responsible for most ofthe
severe flu epidemics that occur worldwide
each winter. The 1918-1919
anthracis epidemic ofSpanish flu, which caused 20 million deaths
AV X worldwide, andthe 1957-1958
run ofAsian flu, which result-
ed in 70,000 deaths in the
United States, were both
strains ofinfluenzaA
Bacterial spores are notori-
ously difficult to fight because
the hardness of their casings makes them
invulnerable to typical antimicrobial agents.
But with just a few simple ingredients,
BCTP slices through that Gordian knot.
Soybean oil and water form an emulsion of
tiny lipid droplets that fuse with the anthrax
spore, causing it to revert to its active-and
therefore softerand morevulnerable-bacte-
rial state. This makes the spore sensitive tO
disruption by the detergent Triton X-100
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and the solvent tri-n-butyl phosphate, ingre-
dients that also stabilize the emulsion. D.
Craig Wright, president ofthe biologics and
research division at Novavax, a biopharma-
ceutical company in Rockville, Maryland,
and one ofthe inventors ofBCTP, says that
Triton X-100 and tri-n-butyl phosphate are
also used in the plasma industry to purify
blood products such as hemoglobin. Spores
have yet to demonstrate tolerance to the
treatment. This may be due to BCTP's
unique mechanism of action, which also
works on other organisms with protective
coatings, such as enveloped viruses. "It's so
simple," Wright says, "people wonder why
others haven't done this before-we've won-
dered that ourselves."
BCTP has been shown to be effective
in dilutions as high as 1 part per 1,000
parts culture medium. In tests on recent
BCTP formulations, says James R. Baker,
Jr., director ofthe University ofMichigan
Center for Biologic Nanotechnology in
Ann Arbor and director of the animal
studies, BCTP kills 95% ofanthrax spores
within one hour. Preclinical mucosal-sur-
face studies have been completed, and
Phase I human studies for mucosal toler-
ance are being developed to ensure that
BCTP won't irritate the nasopharyngeal
passage. Baker and colleagues are also
launching a series of animal tests for
inhalatory use. Baker says, "Because of
[BCTP's] efficacy in other areas, we are
hopeful it will also be effective in prevent-
ing disease in the lungs."
As a defense against biological warfare,
the treatment would need to be applied
topically within one hour ofexposure, and
could also be applied to the skin for pro-
phylactic use, for instance, prior to going
into battle. As a safeguard against influen-
za, Baker envisions a nasal spray that could
be inhaled every 4-6 hours during flu sea-
son or when going into a crowded situa-
tion, such as at an airport or school. Other
applications in development include hand
creams, mouthwashes, and lotions that kill
bacteria and viruses on contact.
The scientists are also working with the
National Institute of Child Health and
Human Development on contraceptive
applications using BCTP, including a vagi-
nal cream that not only kills sperm, but
also kills sexually transmitted disease
organisms on contact. Amazingly, consid-
ering the amount ofdamage BCTP can do
to infectious organisms, it is apparently
nontoxic and nonirritating to humans, ani-
mals, and the environment. Says Wright,
"We're designing products that aren't
[even] as noxious as the detergent you use
to wash your clothes."
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Project Cleanup
Over 50 years ago, the U.S. Department ofEnergy (DOE) was given the task ofquickly
developing the technology and materials thatwould establish the United States as a nudear
superpower. Partly due to the DOE's success in this venture, conditions in the world have
changed, and the department's emphasis on weapons production has declined. Now the
DOE faces the challenge ofdeaning up the environmental mess that remains at manyofits
old production facilities. The task is a daunting one; there are over 2,100 contaminated
sites at thedepartment's LosAlamos, NewMexico, facilityalone.
Many places that were once central to weapons manufacture are now turning into
environmental laboratories where remediation techniques are tested on some ofthe coun-
try's worst pollution problems. The DOE
Office of Environmental Restoration was
created in 1989 to find innovative and effi-
cient ways to clean up DOE facilities.
Among the many remediation technologies
being tested by this office are a robot that
uses microwave energy, a vacuum to remove contaminated concrete surfaces, a device that
freezes large sections ofsoil to immobilize pollutants, and a device that sends enough elec-
tricitythrough polluted soils to melt them into aglass-like material.
The DOE is also putting a new emphasis on communicating its activities to the pub-
lic. Information about the many projects ofthe Office ofEnvironmental Restoration can
be found on its Web site at http:l/www.em.doe.gov/er/. Following the Environmental
Restoration Program link on the office's home page will take users to an overview ofDOE
restoration activities. Included here is a link to Technical Aspects of the DOE
Environmental Restoration Program, where the DOE describes its pollution challenges
alongwith thedozens oftechnologies thathavebeen developed to meet them.
Also linked to the Environmental Restoration Program page js a guide to the 132 sites
that the DOE is nowdeaning up. The DOE Environmental Restoration Sites by State link
takes users to a map highlighting the 31 states where these activities are taking place.
Clicking on any state or on Puerto Rico will take users to a list ofrestoration sites in that
area, eachlinked to adescription ofthe cleanupworkbeingdone there.
More information about the office's projects and policies can be found by following
the Management of the DOE Environmental Restoration Program link, also on the
Environmental Restoration Program page. Here, users will find links to the Office of
Environmental Restoration's strategicplan andto information aboutpublicparticipation in
theoffice's deanup projects.
The Decommissioning of Facilities link on the management page takes users to
descriptions ofDOE structures that arebeingdestroyed or removed forenvironmental rea-
sons. For example, the site contains a description ofhow the Office of Environmental
Restoration demolished the OakRidge K-25 Site Powerhouse thatoncesuppliedelectricity
to run theManhattan Project, turningthe site into alarge, grassyfield.
Anotherlinkon the management page, Program Progress, takes users to theelectronic
version of EM Progress, the newsletter of the DOE's environmental programs. The
Technology Information Exchange link on the management page is connected to informa-
tion on workshops and conferences, and to the electronic version ofthe TIE Quarterly, a
newsletter about DOEtechnologyexchange.
Many ofthese pages, such as the Technology Information Exchange page, can be
accessed directly from the Environmental Restoration home page by using the drop-down
menu bar located near the center ofthat page. More detailed information about many of
the DOE's restoration projects is available from the department's various field offices, all of
which have homepages that can be accessed via the DOE Operations/Field Offices link on
the Environmental Restoration homepage.
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